ABSTRACT. We evaluated antigen detection kits for human rotavirus with regard to their usefulness for diagnosing equine rotavirus infection. Limiting dilution analyses showed that of the seven kits investigated the Dipstick 'Eiken' Rota (Dipstick) had the highest sensitivity to two serotypes of equine rotavirus. The Dipstick did not cross-react with several equine intestinal pathogens. An investigation using 249 fecal samples indicated that the sensitivity of the Dipstick was 81.9% and 47.3%, and its specificity was 98.2% and 99.0%, and its concordance rate was 92.8% and 68.3%, compared with values obtained using reverse transcription polymerase chain reaction and reverse transcription loop-mediated isothermal amplification, respectively. Although a negative result does not preclude the possibility of equine rotavirus infection, the Dipstick would be useful as routine test for diagnosing equine rotavirus infection in daily clinical practice because of its ease of handling.
, Tohru HIGUCHI 2) , Hiroshi IMAGAWA 1) , Takashi YAMANAKA 1) , Hidekazu NIWA 1) , Hiroshi BANNAI 1) , Koji TSUJIMURA 1) , Takashi KONDO 1) and Tomio MATSUMURA ABSTRACT. We evaluated antigen detection kits for human rotavirus with regard to their usefulness for diagnosing equine rotavirus infection. Limiting dilution analyses showed that of the seven kits investigated the Dipstick 'Eiken' Rota (Dipstick) had the highest sensitivity to two serotypes of equine rotavirus. The Dipstick did not cross-react with several equine intestinal pathogens. An investigation using 249 fecal samples indicated that the sensitivity of the Dipstick was 81.9% and 47.3%, and its specificity was 98.2% and 99.0%, and its concordance rate was 92.8% and 68.3%, compared with values obtained using reverse transcription polymerase chain reaction and reverse transcription loop-mediated isothermal amplification, respectively. Although a negative result does not preclude the possibility of equine rotavirus infection, the Dipstick would be useful as routine test for diagnosing equine rotavirus infection in daily clinical practice because of its ease of handling. Equine rotavirus is a non-enveloped virus belonging to the genus Rotavirus in the family Reoviridae. Equine rotavirus infection is a major cause of diarrhea in foals up to 3 months of age [3, 10] . Equine rotavirus has two outer capsid proteins, VP7 and VP4, which are independent neutralization antigens. VP7 and VP4 are classified as G (glycoprotein) serotypes by virus neutralization tests and P (protease-sensitive) genotypes by genetic analyses [14] , respectively. Only G3 P [12] and G14 P [12] strains are currently considered to be circulating in the horse populations of Japan, Australia, Germany, Ireland and the United Kingdom [2, 4, 7, 13, 16] . Equine rotavirus infection has been diagnosed by electron microscopy, virus isolation, serological tests and molecular diagnostic methods [1, 5] . These methods are not routinely available in diagnostic laboratories because they require sophisticated techniques and expensive equipment. It is difficult for clinical veterinarians to conduct these diagnostic methods as part of their daily clinical practice. Therefore, we focused our attention on rapid antigen detection (RAD) kits for use in routine tests in daily clinical practice. RAD kits do not require additional reagents, equipment or expertise, and results can be obtained within 15 min. RAD kits are designed to detect human group A rotaviruses based on the principle of latex agglutination assay (LA) or immunochromatographic assay. Because equine rotavirus is classified as a group A rotavirus, it is anticipated that RAD kits would also work for the rapid diagnosis of equine rotavirus infection. In fact, one LA kit (Virogen Rotatest, Wampole Laboratories, N.J., U.S.A.), which is not commercially available in Japan, has been reported to be useful for diagnosing equine rotavirus infection [6] . Although several RAD kits are available in Japan, their performance as regards the diagnosis of equine rotavirus infection has not been examined. In this study, we have evaluated the performance of RAD kits in diagnosing equine rotavirus infection. We have compared the sensitivity, and the specificity and the concordance rate of the kit, which showed the highest sensitivity among the kits tested, with those of a reverse transcription polymerase chain reaction (RT-PCR) and reverse transcription loop-mediated isothermal amplification (RT-LAMP) that we have recently developed.
The RAD kits used in this study are summarized in Table  1 . HO-5 (G3 P [12] ) [12] and JE77 (G14 P [12] ) [16] strains of equine rotavirus were used to evaluate the performance of the kits. The JE77 strain was kindly provided by Dr. H. Tsunemitsu, National Institute of Animal Health, Ibaraki, Japan. These viruses were propagated in MA-104 cells as described previously [11] . For virus titration, MA-104 cells were inoculated with serial 10-fold dilutions of the virus in quadruplicate and incubated in a roller drum at 37C for seven days. After incubation, the cells were smeared on glass slides and then fixed with 100% acetone for 20 min at room temperature. The fixed cells were reacted with antibovine rotavirus (NCDV strain) serum prepared from guinea pig [11] and then with anti-guinea pig IgG conjugated with fluorescein isothiocyanate (Sigma, Saint Louis, MO, U.S.A.). Cells were observed using a fluorescence microscope, and the virus titers were expressed as 50% tissue culture infective doses (TCID 50 )/ml. The titers of the virus stocks of HO-5 and JE77 were both 10 6.0 TCID 50 /ml. Serial ten-fold dilutions of HO-5 and JE77 strains were pre-* CORRESPONDENCE TO: NEMOTO, M, Epizootic Research Center, Equine Research Institute, Japan Racing Association, 1400-4 Shiba, Shimotsuke, Tochigi 329-0412, Japan. e-mail: nemoto_manabu@epizoo.equinst.go.jp pared in phosphate buffered saline, and 100 l of viral dilutions were mixed with the extraction solution provided with each kit. The Dipstick 'Eiken' Rota (Dipstick) is based on the principle of immunochromatographic assay using mouse monoclonal antibody against VP6 protein of group A rotavirus that is conjugated to colloidal gold particles. The Dipstick was steeped into a tube containing a sample for 30 sec and pulled out from a tube, and then a sample was decided whether positive or negative for rotavirus in 15 min. The procedures were conducted according to the manufacturer's instructions for each kit other than the Dipstick. The detection limits of seven kits for 2 equine rotavirus strains, HO-5 and JE77, are shown in Table 2 . Of the seven kits tested in this study, the Dipstick 'Eiken' Rota (Dipstick) exhibited the highest sensitivity to both serotypes of equine rotavirus and so was selected for further investigation. Detection limits for equine rotavirus differed according to the RAD kits and serotypes of equine rotavirus ( Table 2 ). The exact reason for this is not clear but one possible explanation is that the difference in the principles and antibodies used in these kits could affect the detection limits for equine rotavirus.
To determine the specificity of the Dipstick, we tested the following pathogens that are responsible for equine intestinal disorders: equine coronavirus (NC99, 2  10 6.3 TCID 50 / ml), Bacteroides fragilis (amaero-9, 10 8 CFU/ml). Equine coronavirus NC99 strain [9] was kindly provided by Dr. J. S. Guy, North Carolina State University, Raleigh, North Carolina, U.S.A. The bacterial strains were isolated in our laboratory from horses that showed intestinal disorders in the field. Because all pathogens were negative for the Dipstick (data not shown), this kit has high specificity for equine rotavirus.
To evaluate the clinical sensitivity and specificity of the Dipstick, a total of 249 fecal samples were tested. The fecal samples were collected from Thoroughbred foals with diarrhea during 2006-2009 in the Hidaka district of Hokkaido, Japan, where over 80% of Japanese Thoroughbred horses have been bred. The Dipstick was compared with RT-PCR and RT-LAMP. Viral RNA was extracted from the fecal samples using QIAmp ® Viral RNA Mini Kit (Qiagen GmBH, Hilden, Germany). The viral RNA was heated at 95C for 5 min and then immediately cooled on ice. Reverse transcription and amplification of the full-length VP7 gene was performed with the primer pair Beg9/End9 [8] using a OneStep RT-PCR kit (Qiagen). For RT-PCR, the following conditions were applied: 50C for 30 min and 
Serial ten-fold dilutions of the virus stock (10 6.0 TCID 50 /ml) were made in phosphate buffered saline.
95C for 15 min, followed by 30 cycles of 94C for 1 min, 45C for 1 min, and 72C for 1 min, plus a final extension of 72C for 10 min. The RT-PCR products were analyzed by gel electrophoresis. The RT-LAMP assay was performed with the primers designed to target the VP4 gene of the genotype P [12] strain [15] . The RT-LAMP reaction mixture was prepared using a Loopamp ® RNA Amplification Kit (Eiken Chemical Co. Ltd., Tokyo, Japan) and fluorescent detection reagent (Eiken Chemical Co. Ltd.) in accordance with the manufacturer's instructions. The RT-LAMP reaction was performed at 60C for 60 min, and then terminated by heating the mixture at 95C for 2 min. The RT-LAMP reaction was judged by visual observation. The results are summarized in Tables 3 and 4 . Compared with RT-PCR and RT-LAMP, the sensitivity of the Dipstick was 81.9% and 47.3%, and the specificity was 98.2% and 99.0%, and the concordance rate was 92.8% and 68.3%, respectively (Tables 3 and 4 ). The performance of the Dipstick when detecting equine rotavirus is similar to that of RT-PCR. However, compared with RT-LAMP, the Dipstick is less sensitive as regards the detection of equine rotavirus.
The Dipstick procedure is simple, easy and rapid, and thus the result can be obtained within 15 min even by inexperienced operators. Although a negative result does not preclude the possibility of equine rotavirus infection, the Dipstick would be useful for the diagnosis of equine rotavirus infection as a routine test in daily clinical practice in the field. 
